Several cardiovascular diseases (myocardium infarction, ischaemic cardiomyopathy, heart failure) have been shown to involve cell death of cardiac myocytes and failure of myocardium excitationcontraction coupling and subsequently contractility. Global occurrence of these diseases and minimal proliferative capacity of cardiac myocytes make these diseases the great problem of heart medicine. Accordingly, actively developing field of cell therapy used for failed heart is aimed to meet these general demands [1] .
Introduction
Several cardiovascular diseases (myocardium infarction, ischaemic cardiomyopathy, heart failure) have been shown to involve cell death of cardiac myocytes and failure of myocardium excitationcontraction coupling and subsequently contractility. Global occurrence of these diseases and minimal proliferative capacity of cardiac myocytes make these diseases the great problem of heart medicine. Accordingly, actively developing field of cell therapy used for failed heart is aimed to meet these general demands [1] .
Many studies, including clinical ones [2] [3] [4] , display efficiency of stem and progenitor cells of different types in injured myocardium function refinement. Since pioneer studies revealed cardiomyocyte-directed differentiation of stem cells [5] [6] [7] , possibilities of using embryonic stem cells [8, 9] , mesenchymal [10, 11] and haematopoietic [12] stem cells, endothelial progenitor cells [13] , foetal myoblasts [14] and foetal cardiac myocytes [15, 16] [17] . [18] and manifest expression of specific markers of heart tissue, moreover MSC show ability to restore electric conductivity of cultivated cardiac myocytes syncytium [19] . Different studies demonstrated ability of cardiac myocytes to fuse with other somatic and progenitor cell types [20, 21] 28.12.1993 and supplement N3 of 05.04.1994 ). These cells were proved to be MSC since they were positive to the surface epitope, CD90 and negative to CD34, CD45 and CD31 [26] . Also, they were shown to differentiate into adipocytes and osteoblasts [26, 27] 
and several other cell types for myocardial regeneration have been investigated. However, despite the significant progress in research of opportunities of cell therapy for cardiovascular diseases some questions remain unclear: what types of stem and progenitor cells are most effective for therapy; what are the mechanisms of positive influence of cell transplantation and whether such therapy can have a prolonged effect

Integration of transplanted cells into injured myocardial tissue is of a particular interest. Recently, it was shown that mesenchymal stem cells (MSC) integrate into myocardium
Materials and methods
Cell culture
Results
Formation of cell-to-cell contacts during co-cultivation
In a number of studies, it has been shown that cells are capable of forming ultrathin intracellular structures, stretching towards neighbouring cells. These structures were coined the term, tunnelling nanotubes [28, 29] and described for many cultured cell types of mammals: tumour, stem and normal tissue cells (reviewed in [30] [23] . We also observed that both MSC and cardiomyocytes make numerous extensive intercellular structures; in some cases, the length of these cytoplasmic extensions is comparable to cell size (Fig. 1) . Interestingly, tubes of a small diameter and other cytoplasmic strands can be formed in MSC and cardiomyocytes harvested in monocultures (Fig.1D) . Apparently, for cardiomyocytes this phenomenon may reflect the phenotypic feature to form united syncytium, as it occurs in heart tissue.
To confirm the possibility of the mitochondrial exchange between cardiomyocytes and MSC, cells were stained with TMRE, specifically accumulating in mitochondria. Confocal microscopy revealed TMRE fluorescence in the intercellular cytoplasmic nanotubes (Fig. 1) .
Although both types of cells being in monoculture were able to form connecting tubes, the number of nanotubes significantly increased under co-cultivation of two kinds of cells (Fig. 1D) .
Electron microscopic study revealed that morphologically the cells formed numerous contacting tubes ( Fig. 2A) , which varied in both the diameter and the shape. Some of these tubes had small and almost constant diameter (Fig. 2C) along the major length of the tube with the exception of the initial/terminal part having the shape of the funnel ( Fig. 2A and D) . Other tubes had a variable diameter over the length (Fig. 2D ) and might form branches (Fig.  2B and D) . For the simplicity, considering their small size we called them all as tunnelling nanotubes, the term coined by Rustom et al. [29] . All nanotubes were limited by membranes sometimes with non-homogenous content inside. (Fig. 2D) .
Fig. 1 Nanotubes formation under co-cultivation of human mesenchymal stem cells (MSC) and rat cardiac myocytes. (A) Phase contrast. (B) Cells treated with a mitochondrial probe, TMRE; specific mitochondrial staining is revealed in nanotubes as well (arrowheads). (C) Scanning electron microscopy. Bar, 20, 50 and 3 µm for A, B, C correspondingly. (D) Percentage of cells, forming intercellular contacting elements (tunnelling nanotubes, TNT).
Cytoplasmic transfer from MSC to neonatal cardiomyocytes
We studied an opportunity to transfer cytosolic entity from cell-tocell contiguous in co-culture through cell contacts ( (Fig. 3A) . Therefore, the dye from MSC cytoplasm was transferred to cytoplasm of cardiomyocytes that proved migration of the MSC cytoplasm content to cytosol of neighbouring cardiomyocytes.
Thus, many cells contacted tightly with their cytoplasmic membrane surfaces with possible gap junction formation through which cytoplasmic entity probably was transferred (Fig. 3A) (Fig. 3D) . When compared to 3 hrs after co-culturing (Fig. 3C) (Fig.  3E) also vanished after 24 hrs of co-cultivation (Fig. 3F) 
3B). This observation underlined the possibility of cytoplasm migration not only through structures of gap junction, but also through nanotubes, although effectiveness of this transfer may be quite lower. However, the exact way of cytoplasmic molecules transfer (gap or nanotubes) stays unclear. The link between cell-to-cell contacts formation and cytoplasmic content exchange between cells was examined using flow cytometry analysis. Two series of experiments with different cellstaining dyes before co-cultivation were undertaken. In one set of experiments, calcein-AM-loaded MSC were passed to dishes with non-stained cardiomyocytes. In another set, non-stained MSC were transferred to dishes with calcein-AM-loaded cardiomyocytes. Cells were analysed by flow cytometry after 3 and 24 hrs of co-cultivation. After 3 hrs of co-culturing in both sets mixed culture apparently contained two sub-populations of cells distinguishing in intensity of calcein fluorescence (Fig. 3C and E). The population with low-fluorescence intensity corresponded to nonstained cells, according to preliminary calibration using control cells. Another population carried high fluorescence corresponding to calcein-loaded cells. After 24 hrs co-culturing of calcein-loaded MSC and nonstained cardiomyocytes, there was no apparent division of cells into two sub-populations. Suspension of cells demonstrated a broad single peak of the intensity distribution
Transfer of mitochondria from MSC to cardiomyocytes
Since Koyanagi and co-authors in the recent study [23] (Fig. 4C and D (Fig. 4F) . In some of nanotubes we identified the cytoskeletal elements (Fig. 4G) . 
Myosin expression in MSC
We used specific anti-human cardiac-specific ␤-myosin heavychain antibodies to detect expression of ␤-myosin H-chain in human MSC. Antibodies did not cross-react with rat myosin in cardiomyocytes, so potentially we were able to observe the existence of myosin only in hMSC. Expression of the protein was not detected in MSC monoculture (Fig. 5A) , but it appeared after coculturing with cardio cells. After 24 hrs of culturing with cardiomyocytes, MSC exhibited myosin-positive staining (Fig. 5B) , and after 3 days, myosin-positive compartments were clearly observed in the majority of stem cells (Fig. 5C ).
Discussion
Our findings confirmed that cells could form ultra thin structures connecting neighbouring cells and described as nanotubes [30, 31] . Nanotubes have been demonstrated mostly in cell systems consisting of different cell types but occasionally were reported for cells in monocultures. This interaction was shown for macrophages and erythrocytes [32] , endothelium progenitor cells and cardiomyocytes [23] , immune cells [33] , prostate cancer cells [34] (Fig. 3B) .
Cytoplasm entity transfer did not show a precise direction since the difference between patterns from Figure 3D 
